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* NOTICES * 

jPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS - 

[SnAn approach to pull up the single crystal characterized by being the approach of pulling up 
from the silicon raw material melt by which nitrogen was doped while growing up a single crystal, and 
making pass time in a 1 150-1050-degree C temperature field into 50 minutes or more m the pull-up 
process of said single crystal. . 

rClaim 2] An approach to pull up the single crystal characterized by bemg the approach ot pulling up 
from the silicon raw material melt by which nitrogen was doped while growing up a single crystal, and 
making pass time in the temperature field of 1050 to 950 degree C into 40 or less minutes m the pull-up 
process of said single crystal. 

[Claim 3] An approach to pull up the single crystal characterized by being the approach of pulling up 
from the silicon raw material melt by which nitrogen was doped while growing up a single crystal, 
making pass time in a 1 1 50-1050-degree C temperature field into 50 minutes or more m the pull-up 
process of said single crystal, and then making pass time in the temperature field of 1050 to 950 degree 

C into 40 or less minutes. , .,. t , . . - _ „ 

rClaim 41 The epitaxial wafer characterized by growing up an epitaxial layer on the front tace ot the 
silicon wafer cut down from the single crystal which was able to be pulled up by the approach according 
to claim 1 to 3. 



[Translation done.] 
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* NOTICES * 

JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

rHeldof the Invention] This invention relates to the epitaxial wafer manufactured from the approach to 
P X me silicon single crystal for semiconductor devices, and the silicon single crystal ^h was able 
to be pulled up by the approach. In case an epitaxial layer is grown up into the wafer cut down in more 
detail from the single crystal by which the nitrogen dope was carried out, it is related with the approach 
that generating of defects (henceforth an "epitaxial defect"), such as a stacking fault generated in an 
epftSl laye?and a rearrangement, serves as few quality epitaxial wafer and its material to pull up a 
single crystal. 

[Description of the Prior Art] From the former, the silicon single crystal used as an object for 
semiconductor devices is manufactured by the Czochrlski method Oienceforth a CZ process ) 
Although dxawing6 is drawing of longitudinal section explaining the outline configuration ot the 
^uf^^all^on which used the CZ process, crucible 1 is arranged in the center posrtion of 
Sat equipment, and it consists of container lmade from graphite b by which fitting was earned out to 
container lmade from quartz a, and this outside. The heating heater 2 is arranged in the penpheiy _of 
crucible 1, and the melt 3 of the silicon raw material by which melting was earned out at tins heating 
heater is held in crucible 1 . The pull-up shaft 4 equips with seed crystal 5 above ^rucibje U and is 
installed in it and it pulls up, growing up a single crystal 6 from the lower limit of seed crystal 5. And 
St skS crysS 6 which grows is suWunded and the heat-shield material 7 is arranged, torecent yens 
_e accumulation densification of a silicon semiconductor device is progressing and ^demand 

about the quality of the silicon wafer which forms a device is severe. For example, in the so-called 
"device active region" in which a device is formed on a wafer, since crystal defect metallurgy group 
sy^impurities! such as a rearrangement, become increase of leakage cunent, and tire ife time fall 
cause of a carrier, the circuit formed by high integration follows them on becoming detailed, and they 
are restricted still more severely. . . . T7 ^ 

m003] About three 1018 atoms/cm oxygen [ ****** ] is usually contained in the wafer cut down from 
tiie sil con single crystal manufactured by the above-mentioned CZ process. By the heat history at the 
time of device formation, this oxygen forms an oxygen sludge and forms ^ciystal defects such as a 
re^angement and a stacking fault, however, formation according to LOCOS 0^^^^> 
of field oxide at the manufacture process of a device and a well - since it is held at about 1 10 > degrees 
C for several hours at the time of formation of a diffusion layer, near the wafer front face, the so-called 
DZ layer (denuded zone) without the crystal defect around number 10 micrometers of thickness is 
formed of the out-diffusion of oxygen. Since this DZ layer became a device active region, generating of 
a crystal defect was controlled automatically. „,_.-, ;™ 

[0004] however, detailed-izing of a semiconductor device - following -- a well - if high energy ion 
niection is adopted as formation and a device process comes to be performed at low temperature 1000 
S_£es C oSX above-mentioned oxygen out-diffusion will not fully happen, but DZ layer will no 
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longer be formed fully near the front face. For this reason, although hypoxia-ization of a wafer had been 
performed, it was difficult to control generating of a crystal defect completely. 
Fo005] Since it is such, the epitaxial wafer which grew up the epitaxial layer which does not include a 
crystal defect nearly completely on the wafer is developed, and it is mostly used to a high integration 
device However, even if it uses an epitaxial wafer with the high integrity of a crystal, a device property 
will get worse by metal impurity contamination of the epitaxial layer in a subsequent device process. 
r0006] A process also becomes complicated, the opportunity increases it and effect also becomes arge, 
so that accumulation carries out densification of the contamination by the impurity of such a metal 
system element. Although clean-ization of a process environment and the material of construction has 
exclusion of contamination fundamentally, it is difficult to lose completely in a device process, and a 
gettering technique is needed as the management means. This is a means to capture and detang the 
impurity element which has invaded by contamination in the location outside a device active region 

r0007] As a gettering technique, there is a thing which captures an impurity element using the oxygen 
sludge of the oxygen reason by which induction is automatically carried out during heat treatment of a 
device process and which is called in thorin chic gettering (only referred to as "IG" intrinsic gettering 
and the following). However, if 1050 degrees C - 1200 degrees C elevated-temperature heat treatment is 
performed to a wafer at an epitaxial process, it will become difficult to fully carry out induction of the 
oxygen sludge with which the precipitation-of-oxygen nucleus which is inherent m the wafer cut down 
from the silicon single crystal contracts and disappears, and serves as a source of gettering m a water in 
a subsequent device process. For this reason, even if it applies this gettering technique, the problem that 
sufficient IG effectiveness cannot be desired to a metal impurity covering the whole process arises 
r00081 In order to solve such a problem from the former, in case a single crystal is raised by the CZ 
Process, nitrogen is doped, and the manufacture approach of the silicon single crystal which forms m the 
interior of a wafer the precipitation-of-oxygen nucleus which cannot disappear easily due to elevated- 
temperature heat treatment performed at an epitaxial process is proposed (for example, reference, such 
asJP,ll-189493,AandJP,2000-44389,A). ...... u ^ nv 

r0009] According to the proposed manufacture approach, by doping and raising nitrogen by the CZ, 
Process the thermal stability of the precipitation-of-oxygen nucleus under crystal is made to increase, 
and the silicon single crystal to which a precipitation-of-oxygen nucleus does not contract and disappear 
according to an epitaxial process, either is obtained. And if it is the wafer cut down from this single 
crystal, the precipitation-of-oxygen nucleus which remained after the epitaxial process supposes that the 
IG effectiveness is expectable, in order to form an oxygen sludge and to act effectively as a sink of 
gettering from the initial stage of a device process. 

fool 01 However, according to the subsequent research result, when a wafer is made to dope mttogen to 
high concentration, the precipitation-of-oxygen nucleus in which the above-mentioned e levated- 
temperature heat treatment does not disappear, either and which was stabilized thermally is obtained but 
it becomes clear that this precipitation-of-oxygen nucleus tends to carry out induction of the epitoaal 
defect. Although the stable precipitation-of-oxygen nucleus will be formed near the wafer front face if it 
puts in another way, and nitrogen is doped by high concentration, induction of defects i.e., the ^axial 
defect, such as a stacking fault and a rearrangement, will be earned out to the epitaxial layer which is a 
device active region, and these will cause increase of device leakage current, degradation of oxide-film 
pressure-proofing, etc. 

rPrcblem(s) to be Solved by the Invention] Although this invention is a wafer cut down and 
manufactured from the silicon single crystal which was made in view of the problem about the epitaxial 
defect accompanying the conventional nitrogen dope, and was able to dope and pull up mtrogen, it 
controls growth of a stable precipitation-of-oxygen nucleus thermally, and aims at offering the approach 
that generating of an epitaxial defect serves as few epitaxial wafers and a material of this wafer pulling 
up a silicon single crystal. 
[0012] 
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Means for Solving the Problem] Since this invention persons pinpointed the temperature field where 
me precipitation-of-oxygen nucleus stabilized thermally is formed into the single crystal which doped 
nitrogen, they doped the nitrogen of 1x1014 atoms/cm3 in the melt of a silicon raw material, and 
inducted the pull-up rate modification experiment in a process in the middle of the pull-up, using 
Crystal A and Crystal B as a silicon single crystal of diameter 6." 

[0013] When concrete experiment conditions grew up the body section and grew up the early pull-up 
rate to die length of 500mm as 0.7 mm/min, Crystal A slowed down and pulled up the pull-up rate to 0.2 
mm/min, and, on the other hand, Crystal B accelerated and pulled up the pull-up rate to 1 .2 mnVmin. 
S the tail diaphragm was performed and raising was ended, after returning the pull-up rate to 0.7 
nSnhi and making U grow up to 850mm as it is again in the place into which the die length of the 
bodv section was grown up to 550mm. 

TOO 141 Thus, as for the grown-up single crystal, the heat history changes with modification of a pull-up 
ate. For example, the cSe of the crystal B which accelerated the pull-up rate from the ^temperature sat 
the time of moderation initiation to being slowly cooled m the temperature field around 100 degrees C to 
the low temperature side in the crystal A which slowed down the pull-up rate will quench m the 
temperature field around 100 degrees C from the temperature at the time of accelerating initiation to a 

[001 5HnTeTbove-mentioned pull-up rate modification experiment, after the pull-up, the sample was 
started from the part cooled among single crystals in the 1400 degrees C (nitrogen concentration 
2 3x1014 atoms/cm3) - 800 degrees C (nitrogen concentration 1.6x1014 atoms/cm3) temperature held, 
and defect density was measured. First, vertical division processing was earned out in the pull-up 
direction, and the generating consistency of the cavernous defect which is a Grown-rn defect was 
measured. In detection of the cavernous defect at this time, that consistency was evaluated using Bio- 
Rad defective detection equipment OPP (OpticalPrecipitate Profiler). Next, after processing 1200 
degree-Cx4hr as elevated-temperature heat treatment and performing 2 micrometers (Wright Etcing) ot 
selective etching, the defect density (oxygen sludge consistency) which carries out induction after heat 
treatment with an optical microscope was measured. , n .. A 

r0016] Drawingl is drawing in which pulling up with the OPP defect density (Grown-in defect density) 
by pulWrate modification experiment, and showing relation with the temperature at the time of rate 
modification initiation. According to the relation shown in drawingl , the Grown-m defect is decreasing 
conversely in the same temperature field as Crystal B to defect density increasing in the 1 150 degrees C 
- 1050 degrees C temperature field by Crystal A. _ . , . 

[00171 The phenomenon shown in drawing 1 shows that formation of a Grown-m defect is performed in 
this temperature field. That is, as Crystal A, the size of a Grown-in defect became large by anneahng 
and it was measured from the Grown-in defect seldom growing by quenching as low defect density by 

Crystal B to more defects having been detected. 

[001 8] Drawingl is drawing in which pulling up with the defect density which carries out Ruction 
and sho^relation with the temperature at the time of rate modification mitiation after heat treatment 
oy pull-up rate modification experiment. By the result of drawingl , by Crystal A, defect density 
decSeTin a 1 150 degrees C - 1050 degrees C temperature field, and defect density is increasing in the 
is 1 050 degrees C - 950 degrees C. On the other hand, in Crystal B defect density increases 
in a 1 150 degrees C - 1050 degrees C temperature field, and defect density is decreasing in the 
temperature field which is 1050 degrees C - 950 degrees C. _ # 

mm It is shown that the hole was enough consumed by formation of a Grown-in defect, and growth of 
a subsequent precipitation-of-oxygen nucleus was first controlled about the phenomenon in two 
ten^perlire fields shown in drawing! since a 1 150 degrees C - 1050 degrees C temperature field is a 
temperature field which a Grown-in defect forms and was annealed as Crystal A as ; above-mentioned. 
On me other hand, since it quenched as Crystal B, and formation of a Grown-m defect was not fully 
performed but many holes remain in the 1 150 degrees C - 1050 degrees C same temperature field it is 
shown that growth of a subsequent precipitation-of-oxygen nucleus was promoted. Next, a 1050-950- 
degree C temperature field is a temperature field where a stable precipitation-of-oxygen nucleus grows 
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thermally, and as Crystal A, when annealing quenched the precipitation-of-oxygen nucleus as Crystal B 
to fully growing up, it shows that a precipitation-of-oxygen nucleus did not grow. 
[0020] When a silicon single crystal is made to dope nitrogen as above-mentioned, a stable 
precipitation-of-oxygen nucleus becomes the factor whose elevated-temperature heat treatment at an 
epitaxial process does not disappear, either and which carries out induction of the epitaxial defect 
thermally. On the other hand, it becomes clear that the temperature field where a stable precipitation-of- 
oxygen nucleus grows thermally by the nitrogen dope from the result of above-mentioned drawing ! and 
drawing 2 is 1050-950 degrees C, and that the cooling process in the temperature field which is 1 150- 
1050 degrees C in which a Grown-in defect is formed affects growth of a precipitation-of-oxygen 

nucleus. , 
[0021] in other words, it is formed into a single crystal by controlling the heat history m these 
temperature fields at the time of a pull-up of a single crystal ~ growth of a stable precipitation-of- 
oxygen nucleus can be controlled thermally, and, thereby, an epitaxial defect can be lessened. 
[0022] It is completed based on the knowledge drawn from the analysis result of the pull-up rate 
modification experiment by the CZ process mentioned above, and this invention makes the summary the 
approach to pull up the single crystal of following the (1) - (3), and the epitaxial wafer of (4). 

(1) It is the approach of pulling up from the silicon raw material melt by which nitrogen was doped, 
while growing up a single crystal, and is an approach to pull up the single crystal characterized by 
making pass time of a 1 150-1050-degree C temperature field into 50 minutes or more in the pull-up 
process of said single crystal. 

(2) It is the approach of pulling up from the silicon raw material melt by which nitrogen was doped, 
while growing up a single crystal, and is an approach to pull up the single crystal characterized by 
making pass time of the temperature field of 1050 to 950 degree C into 40 or less minutes in the pull-up 
process of said single crystal. 

(3) It is the approach of pulling up from the silicon raw material melt by which nitrogen was doped, 
while growing up a single crystal, and is an approach to pull up the single crystal characterized by 
making pass time of a 1 150-1050-degree C temperature field into 50 minutes or more in the pull-up 
process of said single crystal, and then making pass time of the temperature field of 1050 to 950 degree 
C into 40 or less minutes. . 

(4) The above (1) It is the epitaxial wafer characterized by growing up an epitaxial layer on the front 
face of the silicon wafer cut down from the single crystal which was able to be pulled up by the 
approach of a publication to either of - (3). 

[0023] 

[Embodiment of the Invention] It is thermally stable to carry out induction of the epitaxial defect in the 
crystal which doped nitrogen, and it is the grown-up precipitation-of-oxygen nucleus. Moreover, growth 
of the precipitation-of-oxygen nucleus thermally stabilized in the single crystal is controllable by 
restricting a cooling process in the 1 150-1050-degree C field which are the 1050-950-degree C field 
which is a temperature region of precipitation of oxygen, and a formation temperature region of a 
Grown-in defect. That is, by controlling the heat history in these two temperature fields by the pull-up 
process of a single crystal, growth of a stable precipitation-of-oxygen nucleus can be controlled 
thermally, and generating of an epitaxial defect can be lessened. 

[0024] Therefore, by the approach to pull up the single crystal of this invention, it is characterized by to 
cool slowly in a 1 150-1050-degree C temperature field by the pull-up process, or/and quenching m a 
1050-950-degree C temperature field. Needless to say, the growth in single crystal which is a stable 
precipitation-of-oxygen nucleus thermally can be certainly controlled by combining annealing in a 1 150- 
1050-degree C temperature field, and quenching in a 1050-950-degree C temperature field. 
[0025] First, the annealing conditions in the 1 150-1050-degree C temperature field which is a formation 
region of a Grown-in defect make pass time of this temperature field 50 minutes or more. Thereby, the 
annealing conditions on which a cooling rate is equivalent to below by 2.0-degree-C/are securable. 
Having specified the pass time in the corresponding temperature field as 50 minutes or more is based on 
the annealing effectiveness checked by pull-up rate modification trial, as shown in drawing4 of the 
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weed to formation of a Grown-in defect by annealing the pass time in a 1 1 50-1050-degree C 
temneratSSd w 50 minutes or more, growth of a stable precipitation-of-oxygen nucleus can be 

that ], and generating of an epical defect can be lessened. 
T00271 Next the quenching conditions in the temperature field which is 1050-950 degrees C by wmcn 
S o?f P S«ltion.o g f.oxygen nucleus is promoted make pass time of this temperamre field 40 or 
ks^nutes Thereby, the quenching conditions on which a cooling rate corresponds ^bove b ^ 2.5- 
A^Z r/are securable Having specified the pass time in the corresponding temperature field as 40 or 
fe^mnSt^™S on^enching effectiveness checked by pull-up rate modification tnal, as 
shown in drawine! of the example mentioned later. n , 

S In^ntntion, it is supposed that growth of a precipitanon-of-oxygen J**™^ 
aTd generating of an epitaxial defect will be prevented by quenching the pass time of the temperature 
fieldwhere Stable precipitation-of-oxygen nucleus grows thermally in 40 or less minutes. 
S)029] The nitrogen con Jentration and the oxygen density to contam wi 1 influence growth of fce 
nrecmitation-of-oxygen nucleus in the inside of a single crystal. According to examination of this 

S nitrogen concentration in a single crystal becomes high too rnuc^ generating of 
Tepitaxial defec cannot be prevented, and if nitrogen concentration becomes low too much 
SnTerSy sufficient IG effectiveness will not be acquired For ^ for ^mtro^ 
concentration in a single crystal, it is desirable to make it the range of 1.0x1012 - l OxlOis at oms/cmJ. 
mm Oxygen [ ****** ] is contained in the single crystal which was able to be pulled up by the CZ 
P roLsa7abovLentioned. If the oxygen density in a single crystal becomes ^«"» * 
will become difficult to control an epitaxial defect, it is desirable to carry out to below 12x1017 

r00Ml C Ttfe nt^Jg^dope of the epitaxial wafer manufactured by this invention is carried out by the 
pull-up W thTcl process, the silicon single crystal by which the heat history was controlled is sliced, 
and r^taxial layer is formed after polish and washing in a front face In case «n ^itexi^ layer is 
erown uo if it is the formation approaches of an epitaxial layer without a crystal defect such as a 
CaTdecomp^non method of vapor growth, it can apply to the wafer front face which cut down the 
above-mentioned single crystal by any approaches. 

[Sple] The effectiveness of this invention is explained based on the following concrete examples 1- 

rFxamnle 1) Usine the manufacturing installation shown in said drawing 6 , the nitrogen of 1x1014 
Scm3 ^dopSTin Ae melt of! silicon raw material, and the pull-up rate modification expenment 
wr^nduc7Jin ^fpSl^p process of six silicon single crystals of diameter 6/' When the body section 
ZZ Sown up aT 11 Lid the die length of the body section was set to 500mm in tiie . original 
puTlIp rate, Concrete conditions changed the pull-up rate into 0.7 imn/min (^^ fic ^°^ ° 
mm/inin 1 2 mm/min, 1 .5 mm/min, 1 .7 mm/min, and 2.0mm/min for every single crystal, and were 
p^ed up TheTwhen the die length of the body section was set to 550mm, after growing up .die length 
to 85oZ by making a pull-up rate into 0.7 mm/min again, the tail diaphragm was performed and the 

c^enSon 1.8x1014 atoms/cmS) which it quenched in die 1050-950- 
£ Shield among each above-mentioned singlecrystal was extiacted^and ajr frnnng 
4 micrometers of epitaxial layers in the silicon wafer cut down from this part, the epitaxial defect was 
inserted usine the surfboard scan (surface-discontinuity test equipment). 

SSSSSS i ^-wing showing the relation of the pass time in a 105 ^f^ 1 ^^ 
field andlpUa*al defect density by the example 1. When the pass time in a 1050-9 ^0-degree C 
temperature field becomes quenching for 40 or less (equivalent to 1 .2 mm/mm at the pull-up rate after 
modification) minutes, growth of a precipitation-of-oxygen nucleus > is ^controlled and it turns out that the 
consistency of an epitaxial defect is decreasing or less [ 2 //cm ] with two. 
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atoms/cm3 was doped in the melt of a s ™ wn *™™™" ' stals of diameter 6." When the body 
was conducted in the pull-up process was set to 500mm in the 

section was grown up as 0.7 mm/mm and the die lengmoiincu y ^ min (with no 

single crystal was ended. g x i 0 14 atoms/cm3) annealed in the 1150-1050-degree C 

[0035] The part (nitrogen concentt a«on L9xl014 at^/cm ) extracted, and after 

iemperature field among me single crystol which w^e aW^ P^ P^ ^ ^ 

forming 4 micrometers rf«^^^^j3SJSSSri1y test equipment), 
defect was inspected using the surfboard scan a 1 150-1050-degree C temperature 

[0036] DrawingA is drawing showing the ^on ofAepass time n £™UM0M*ff<* c 
field and epitaxial defect density ^^^^^(SS^t to 0.6 mm/min at the pull-up 
temperature field becomes annealing for 50 t mm f^.^ e d e cre asing or less [ 5 //cm ] with two. 
rate P after modification), it turns out that fP^^^^^S^ which optimized the hot 
(Example 3) It experimented ^using ^^^^S^S^a^ in the temperature field in 

^TS^isdrawingo^ 

manufacturing installation, dj^mgj g)*aws £SSo «?S which can be pulled up by this, and 
conventional equipment, and me heat history of the ^gie <*ys . manu facturing installation 

drawing 1 (b) shows drawing ^^^^^^^^^ can be ^ UP by ^ 
which optimized the hot zone, and the heat history «y f heat _ shield materia i 7 , and 

holding time of a 1050-950-degreu C temperature fi f ' d ^* 0 m ^ oned 7 (b), the nitrogen of 

?0039] Using me manufacturing — ™ *°™ n _E__#2KS*£»-1 «"■"■»*' 

" -P - * of SSOmmof me body 

nitrogen concentration 2.8x1014 ^""^S^^tofte silicon wafer cut down from this 
be pulled up, and after forming 4 micrometers of *^^£^_ s _ 00o _ 1 a y test equipment), 
par?, the epitaxial defect was inspected using to "^Sdefect density of a single crystal 

[0041] tawmgl is drawing showmg ^^^StoKofL. ( drawing 1 (a)), and the 
srown up by the manufacturing installation beta e optmraraon o. v 00mm _ 

Lnufalrtog insolation after optimization of a hot zone • be up by 

[0042] . . . frtrm ii lin the sinele crystal of this invention, even if 

Effect of the Invention] according to the f^^^^^S^a and was manufactured, it 
it is the wafer produced from the s f^"^^^^ Sp^tion-of-oxygen nucleus can be 

Sm^ 
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of high quality with few epitaxial defects can be manufactured. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation • 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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